Methods for the Rapid Evaluation of the Beneficial and Harmful Effects of Agents Applied to the Human Skin12  by Sulzberger, Marion B. et al.
METHODS FOR THE RAPID EVALUATION OF THE BENEFICIAL
AND HARMFUL EFFECTS OF AGENTS APPLIED
TO THE HUMAN SKIN"2
MARION B. SULZBERGER, M.D., RUDOLF L. BAER, M.D., ABRAM KANOF, M.D.
AND CLARE LOWENBERG, M.S.
There are today almost innumerable occasions on which it is essential to esti-
mate as rapidly as possible just what effects certain materials may have when
they are deliberately applied to, or otherwise make contact with, the skins of a
large number of persons. This question must be answered sooner or later for a
vast number of materials to which the human skin will be exposed—whether they
be therapeutic agents for external application, or cosmetic preparations; or mate-
rials encountered by the skin in vocation, avocation, or daily life; or substances
applied or worn to protect the users from other external damaging exposures.
During the war there was of course urgent necessity for predicting with utmost possible
rapidity and accuracy just what certain old and newly-introduced materials would do to
the skins of the millions of our service men and women who would be regularly exposed to
the effects of these materials. Thus it was essential to find out as rapidly as possible which
of the many formulas for anti-gas ointments was the most effective and least damaging;
which of the many insect repellent preparations was the least unpleasant, least irritating,
and active for the longest period; under which form of topical application thermal and
chemical burns would have the most rapid healing, the lowest incidence of infection, and
the least irritation and retractile scarring; which sun-protective cream or flash-burn pro-
tective ointment was the best and likely to be the least irritating to the skin; which of the
hundreds of anti-fungous preparations was the most effective and safest for general issue
for prevention and treatment of the common fungous infections of the skin, etc.
It was immediately obvious that any accurate "controlled clinical study" of
the effects of the literally thousands of different war-essential materials could not
be carried out. For this reason screening and test methods were required to
study the relative effects of the different materials as rapidly and as accurately
as possible.
Our approach to this problem was neither particularly complicated nor par-
ticularly new. It was founded on what we believe to be the fundamentals in
any attempts to evaluate the usefulness and dangers of materials on the human
skin.
Whatever the preliminary studies, the final assays must be made on the human
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skin of an adequate number of volunteers and must include the following prin-
cipal points:
1. Experimental observations of the actual effectiveness of the material when
used for the purpose intended on the human skin (e.g. tests of anti-vesicant agents
by actual exposure of human skin to the vesicant under controlled conditions
and with the anti-vesicant agent in place; tests of anti-fungous agents by their
actual use on human skin which is subjected to the risks of fungous infection
under controlled conditions; tests for topical applications for burns, by their
actual controlled use on standard burns in man, etc.).
2. Experimental observation of the irritancy of the material when the human
skin is exposed to its effects, under conditions which are fully as severe as—or,
preferably, somewhat more severe than—those which can be expected in the
intended use.
3. Experimental observation of the allergenic capacity (sensitizing index or
potential) of the material when the human skin is exposed to its effects under
conditions which are as severe as, or more severe than, those which can be ex-
pected in the intended use.
4. Experimental observation of the systemic toxic or other effects which may
arise under conditions as severe as, or more severe than, those of the intended use.
It is, we believe, self-evident that no experimental evaluation would be able to
say that a material was the best which would possibly be developed for a particu-
lar purpose. Nor would any experimental technique guarantee that the results
were certain to represent the values under the many varying conditions of clinical
use. We did believe, however, that the methods developed would rapidly screen
out prohibitively "bad" agents and would enable us to estimate with some ac-
curacy the probable relative values of the better agents.
In the attempts to estimate the relative values of the large numbers of possible
formulas in each category, it was at once apparent that not every preparation
could be directly compared with every other preparation for the four properties
mentioned. It was, therefore, necessary to select the best available standard
preparations and compare each of the candidates directly with that standard—
and thus indirectly with each other. Then, when the field was narrowed down
to two or three preparations, these could be directly compared with each other.
It was moreover evident at the outset that it would be impossible to obtain
the huge facilities and very great numbers of human volunteers which would be
necessary to compare any two materials with each other if each individual volun-
teer used only one of the preparations under investigation. Moreover the
individual variations of response are often so great that very large series of
volunteers indeed would be required in order to establish a statistically valid
estimation of different effects of different materials.
For these reasons we decided to apply as far as possible what we have called
"the method of paired comparisons." In this method each preparation or mate-
rial under study is paired with the same uniform standard control material and is
compared with this standard material on the skin of the same individual. The two
materials are applied or used simultaneously and under identical conditions and
each is applied to one of two symmetrically situated sites.
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We believe that this approach to the problems of relative effectiveness, relative
skin irritancy and relative sensitizing potentials of materials used on the skin,
or coming in contact with the skin, has justified itself. Our use of the screening
method of paired comparisons on a large variety of agents intended for many
different purposes has in every instance led to the selection of preparations which
showed themselves to be superior to the others when subjected to actual use
under field conditions. In other words, to date the results obtained on large
numbers of persons in the field were quite accurately predictable from the results
of the screening tests with the method of paired comparisons carried out on
relatively small numbers of volunteers.
The peace-time demands for rapidly evaluating effectiveness, irritancy, sensi-
tizing capacity and systemic toxicity of different materials which are applied to,
or which will come in contact with the skin, are almost incessant and limitless.
It is for this reason that we submit the present report of methods found valuable
in our war-time studies. In so doing we realize that the exceptional facilities
and large numbers of cooperative personnel and human volunteers available to
us during our war-time studies will rarely, if ever, be available for peace-time
investigations. Nevertheless we believe that in some instances where important
decisions are to be made regarding the relative effectiveness, irritancy, or sensi-
tizing potentials of materials contacting the skin, investigators will be able to set
up screening tests along the lines of those here reported; and in many other
instances it will be possible to make at least partial use of the experimental
methods here described.
The screening methods which are described in some detail in this report were
gradually developed in the course of many experiments undertaken during the
war. These methods were used extensively at Cornell Medical College and at
the U. S. Naval Disciplinary Barracks, Hart's Island, N. Y.; and those dealing
with gas protective ointments were employed also in the collaborative program
carried out together with the National Defense Research Committee group at the
University of Chicago Toxicity Laboratory; the Naval Research Laboratory at
Anacostia, D. C., and the Medical and Toxicological Research Laboratories of
the Chemical Warfare Service, U. S. Army, Edgewood, Md. The problems as-
signed to us for study covered a great variety of preparations intended for imme-
diate military use.
Two types of tests were used: 1) in vitro experiments and rapid in vivo tests
which did not long incapacitate the human volunteers, and 2) more extensive
comparative tests of the better preparations on human skin. All these methods
have been reported by the present authors in a series of communications to the
Committee on Medical Research.3
I. IN VITRO TESTS FOR ASCERTAINING THE ABILITY OF THE VEHICLE TO DELIVER
THE ACTIVE INGREDIENT
The effects of a preparation depend fully as much upon the properties of the ve-
hicle as upon the active ingredients. it is always the combined effects of vehicle
8 Lists obtainable from the Coordination Center, Insect Control Committee, National
Research Council, 2101 Constitution Avenue, Washington, D. C.
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and ingredients which exercise the particular action observed. Studies of a ve-
hicle should include those of its ability to deliver the active agent; of its irritancy
and sensitizing capacity; and of its stability in selected containers.
In our studies on the use of acids in the debridement of slough following burns
(1), we found a most striking example of the fact that the vehicle is of as great
importance in determining the efficacy of the medicament as is the so-called
"active" agent. Thus a given concentration of a particular acid which was found
to be effective in one vehicle was found to be entirely inadequate in another.
In the early experiments, pyruvic or phosphoric acid was applied to the slough
in a water-starch paste medium. The starch paste being a most impractical
material for general use, as soon as the value of the acid method had been es-
tablished, it became desirable to find a more practical vehicle. The effort in-
volved in this part of the problem became as extensive as that in the original
search for the most suitable active acid. Scores of vehicles; gels, ointment bases,
emulsions, suspensions and dried powders were studied. The ultimate criterion
was, of course, the action of the acid in the vehicle on the standard third degree
burns in human subjects. However, it was impractical to enlist, burn, and con-
trol the large numbers of men necessary to test each of the 61 different vehicles
developed in the laboratories. In collaboration with Lt. George Rosenfeld,
IJ.S.N.R., there were elaborated a series of laboratory tests by which one could
eliminate a large number of vehicles by in vitro methods and select only the most
favorable contenders for tests on human beings. The in vitro tests were devised
primarily to render information about the diffusion and delivery of the acids
through and from the vehicles. The same general principles, and similar tests,
can be employed for rapid screening of vehicles for their suitability for other
"active agents"—antiseptics, such as the sulfonamides, penicillin, tyrothricin;
local anesthetics, etc. (2).
Three types of laboratory tests were employed to study in vitro diffusion of
acids. These tests measured the diffusion out of the various vehicles 1) into a
colloidal aqueous gel; 2) across a cellophane membrane into water; and 3)
directly into blood serum.
1. Test for Diffusion into Colloidal Aqueous Gel
A gel is prepared as follows: two grams of high viscosity methyl cellulose4 (4000 cps.)
is mixed with 1 ml. of alizarin indicator5 and placed in a 50 ml. test tube (bore approx. 23
mm.). Then 38 ml. of boiling tap water is added and the contents of the tube mixed and
allowed to cool and gel. Methyl cellulose in dilute solutions forms a colorless gel, neutral iii
reaction, and resistant to dilute mineral acids. The alizarin indicator colors this neutral
gel a dark red, but changes it to a yellow color in acid solutions with a pH range of 5.0—
6.8. A weighed amount of acid-containing vehicle, usually 10 grams, is layered on top of
the gel, and as the acid diffuses out of the vehicle into the gel, the alizarin changes in color
from red to yellow (fig. 1). The advancing boundary of this color change is distinct and its
distance from the top of the gel is easily measured at various intervals with the use of a
transparent celluloid ruler. The test tube in which the yellow color has advanced furthest
toward the heel, has the vehicle which permits the greatest diffusion.
Hercules Powder Co., Cellulose Products Dept., Parlin, N. J.
One gram of sodium alizarin sulphonate dissolved in dist. water to make 100 ml.
1 4 qtJ
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2. Test for Diffusion A cross a Cellophane Membrane into Water
Forty grams of the acid-containing vehicle are placed within a cellophane dialysis sac
(approx. 28 mm. in diameter) by means of an ejector apparatus.6 The sac, tied at both
ends, is then washed carefully and suspended in a cylindrical vessel (approx. 40 mm. in
diameter), containing 120 ml. of distilled water. At 2, 4, 6, 8, and 24 hours, the pH of the
surrounding fluid is measured with a Beckman pH Meter, and a 5 ml. sample withdrawn for
titration with a NaOH solution (phenolphthalein indicator). The curves for the lowering
of the pH of the surrounding fluid and the diffusion of acid from the vehicle into it can he
plotted, and these indicate which vehicles permit the diffusion of the greatest amount of
acid.
Fic. 1. TEST FOR DIFFUSION INTO COLLOInAL AQUEOUS GEL
The light part of the methyl cellulose gel is that part where due to diffusion of acid the
alizarin has changed from red to yellow. The dark part of gel is the unchanged red portion.
The two tubes at the extreme right are the controls (starch paste, respectively water without
acid). 0.1 M pyruvic acid in starch paste (tube on extreme left) has permitted most diffu-
sion in this particular test series.
3. Test for Diffusion into Serum
This model is designed to crudely approximate the conditions of the wound. Thirty
grams of the acid-containing vehicle are layered in a 50 ml. beaker with great care so as to
provide a smooth vehicle surface. Fifteen ml. of serum7 is carefully pipetted onto the
vehicle surface, and the pH of the serum measured at various intervals, usually 2, 4, 6, 8,
and 24 hours, by submerging Beckman external titration electrodes into the serum layer
without touching the vehicle. A table can be made with which to calculate the amount of
acid which diffuses out of the vehicle to produce the pH changes in the serum by adding
known amounts of the same acid to a 15 ml. portion of serum and measuring the pH after
each addition of acid.
The combinations of vehicle and active ingredient which presented the most
promise in these in vitro studies were next subjected to tests for irritancy,
sensitizing capacity and effectiveness on human volunteers according to the
following methods.
A suitable apparatus to fill these sacs can be made by connecting a long tube to a large
syringe.
The serum of any animal can be used.
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II. RAPID TEST FOR ESTIMATION OF A PROHIBITIVE DEGREE OF IRRITANCY
The two tests devised for this purpose were as follows:
1. "Dressing Test" for Irritancy on Human Skin
About one-half ounce of the material is placed on the center of the flexor aspect of the
forearm underneath a 3 x 3 in. gauze pad. The pad is then covered with strips of vaseline
gauze. The dressing is kept in place for 24 hours under an elastic adhesive bandage. After
this period, the dressing is removed and the skin is examined for erythema, edema, macer-
ation, denudation, and pustulation. Degree of irritaney is recorded by use of the following
symbols:
0, no change or very slight maceration
(+) or slight erythema and/or maeeration
+, definite erythema and/or maeeration
++, marked erythema and edema and/or denudation and/or pustulation
2. Patch Test for irritancy on Human Skin
A small square (about 1 cm. by 1 cm.) of white linen or cotton is covered with the material
to be tested and is placed at once on an area of grossly normal skin, usually on the upper
back. Immediately thereafter, the square is covered with an Elastopatch8 which is kept in
place for 24 hours. After this period the Elastopateh and the linen or cotton square are re-
moved from the skin and it is examined for erythema, edema, maeeration, denudation, and
pustulation. The signs for reading the patch test reactions are the same as those used for
the dressing test on human skin. Materials which gave a ++ reaction by both these
tests were studied no further. A material giving a + reaction was studied further if it
was particularly desirable for other reasons.
All materials giving weaker reactions than + and showing evidence of satis-
factory diffusion in the in vitro models were submitted to further testing.
III. TE5TING FOR THE ACTUAL EFFICACY OF THE AGENT-VEHICLE COMBINATION IN
HUMAN 5UBJECTS
All the testing involving human volunteers was carried out by the above-
mentioned uniform, symmetrical, stimultaneous paired comparison technique.
This technique has been described in detail in previous reports (1, 3,4). Briefly
the method is to test a possible remedy by comparing its action on a standard
lesion with the action of a known control preparation on a similar lesion in a
symmetrically situated location in the same individual.
For example, in the experiments on the acid debridement of burns, standard third degree
burns were made on symmetrical sites of both forearms of a series of volunteers. In each
subject, the prospective new combination of acid and vehicle was applied to the lesion on
one arm and the control, (in this instance the pyruvic acid-starch and water paste) was
applied to the sister lesion. In this manner the effects of the proposed remedy on the
first lesion were compared to those of the known remedy on a similar lesion in the same
individual (fig. 2).
The influences of intrinsic individual variations on the final statistics were
thus eliminated as far as possible. It has been estimated (personal communica-
Duke Laboratories, Stamford, Conn.
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tiori, John Fertig, Delamar Institute, Columbia University) that the results of
such uniform, symmetrical, simultaneous paired comparison tests conducted in
six men are as valid as an experiment using fifty men in whom non-symmetrical
lesions are treated in rotation.
FIG. 2. Riqht arm treated with preparation A (poor debridement) most of the slough still
present over lesion. Left arm treated with preparation B (good debridement): most of the
slough has come off, leaving base of ulcer almost clean.
IV. METHODS AND STANDARDS FOR EXTENSIVE TESTING FOR IRRITANCY AND FOR
ALLERGENIC PROPERTIES OF MATERIALS APPLIED TO THE SKIN
These procedures were particularly important in our work because most of the
medicaments and other materials assigned to use for study were intended for
ultimate distribution to and more or less constant and repeated use by the over
20—30 million Allied men involved in the war. These methods should therefore
be of value in any case where a preparation is designed to be used by many per-
sons over long periods, and where a reasonably accurate preliminary appraisal
of undesirable effects is necessary.
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The following extensive tests for irritaney will serve as a good example of the
methods. These particular tests were devised to decide which of a large number
of related gas-protective ointments (all having similar beneficial effects) would
be the least irritating to the skin.
Three types of irritaney tests were performed. For the first two tests, 1 and
2, the paired comparison method could be used, and one of the oldest and best
known preparations was arbitrarily selected as a "standard."
A separate protocol sheet was kept for each man (Appendix I shows sample
protocol sheet for tests 1 and 2); and the results were recorded at the time of each
observation.
Test 1 (for irritancy on the forearms). Each of the compounds was paired
with the "standard", and each pair was tested on a minimum of 10 meD. To
avoid errors the standard substance was always applied to the middle of the flexor
surface of the right forearm; the other to the left forearm. The agents were each
applied in a layer approximately 1/10 mm. thick by means of the distribution of
0.5 cc. of ointment to an area 5 x 10 em. in size. The material was gently rubbed
in for thirty seconds with the gloved finger three times daily, for three consecu-
tive days, or until irritation appeared at the site.
There were two arbitrarily fixed standards for estimating the degrees of irritation.
Irritation Standard # 1 was the milder and could be observed and recorded for all subjects,
including those volunteers who were obliged to continue with their active duties during the
days of testing. Irritation Standard #2 was much more severe and was used as an end-
point only in those men who could be excused from active duty and whom we could, there-
fore, subject to more marked skin irritation. Irritation Standard #1 consisted of a definite,
peristent erythema (that is, an erythema which was observed at 2 consecutive observations).
(For example, if after 3 applications, the subject, at the time of appearing for the 4th appli-
cation, showed an erythema which was still present when the subject appeared for the
5th time, the erythema was regarded as a persistent one and was noted as having become
manifest as a result of the 3rd application. In suitable subjects the applications were then
continued to Irritation Standard #2.)
Irritation Standard #2 was that point at which the investigator was convinced that the
irritation was so strong that it would definitely interfere with the normal activities of the
subject. Oozing, crusting, denudation, marked swelling with or without blistering were the
criteria of such a severe reaction.
In the case of ointments which, due to their color, precluded the observance of an cry-
thema, as for example, carbon-containing ointments, it was not possible to observe Irritation
Standard #1. In such cases it was necessary to record the manifestation of Irritation
Standard #2 without having recorded the preceding occurrence of Irritation Standard #1.
In all instances, the sleeves were rolled down and covered the arms between applications.
In the case of preparations which would stain garments to such a degree as to interfere with
the subject's duties, or in instances where the men were wearing short sleeves, the inuncted
areas were covered with a light gauze dressing. When a gauze dressing was applied to one
arm, it was always applied to the control arm as well. Showers and bathing were permitted
after a lapse of more than one hour after application, but the men were instructed to try
not to rub or wash off the ointment.
Test 2 (for irritancy behind the ears). This test was as follows and was al-
ways carried out simultaneously \vith Test 1: The agents were applied in the
amount of about 1/20 cc. to each retroaurieular area—the control material on
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the right, the new preparation on the left. The material was rubbed in gently
with the gloved finger for 30 seconds 3 times daily for 3 successive days, or to
the point of Irritation Standard V 2 as specified under Test 1 above.
Test 3 (for irritancy on the groin and scrotum). Each agent was applied to
a minimum of 10 men, each receiving an application of about 2 cc. to the groins,
the scrotum, and the inguinal area by gently rubbing for thirty seconds with the
finger. The applications were made once daily for 7 days or to Irritation Stan-
dard 2. The appearance of Irritation Standard 1 was also noted. Because
of the nature of the skin site used, there was no "Standard Ointment" for com-
parison in Test 3. Each agent was here tested singly on each man.
Test 4 (for relative sensitizing potentials (Sensitizing Index)). The allergenic
properties of each of the substances applied in Tests 1, 2, and 3 were investigated.
This was done by means of patch tests applied to each volunteer 3 to 4 weeks
after the beginning of Tests 1, 2, and 3. (The 3 to 4 week period was selected on
the basis of knowledge of the usual incubation period for sensitization to contact
allergens.)
The patch tests were performed in the usual manner. In each volunteer the
same ointment used in irritancy tests 1, 2, and 3 was applied in the patch tests.
Reading and Recording of Allergic Reactions
A uniform system of recording the reactions was sought; and the responses
to all skin tests for allergic reactions were graded and designated by the following
symbols:
? Result questionable
(+) Faintest degree of definite erythema
+ Erythema
+ + Erythema plus vesiculation
+++ Erythema plus vesiculation plus induration
+ + + + Oozing and maceration
Test 5 (for systemic toxicity after cutaneous application). The toxicity of
selected agent-vehicle combinations was investigated. This was done by apply-
ing the agent-vehicle combination to at least one-half the body surface in groups
of volunteers. These volunteers were then observed for clinical signs or symp-
toms of systemic toxicity; appropriate laboratory investigations to discover
possible toxic effects of the particular agent under test were carried out.
While the above procedures were designed to test gas-protective ointments,
they were found useful in testing other forms of agents used on, or coming in
contact with, the skin. Thus, in some instances we were asked to test chemicals
intended for use in articles of clothing. In that case, the chemical was first
incorporated into an ointment or other suitable vehicle, and the irritancy tests
were done as above described. Similarly, 3 weeks after the inunction tests for
irritancy, the patch tests for sensitization were performed both with the ointment
and the finished cloth containing the chemical in question.
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V. TESTS FOR THE EFFECT OF AGING AND OP THE CONTAINER ON THE EFFICACY,
IRRITANCY, AND ALLERGENIC QUALITIES OP THE FINISHED MEDICATION
While the above described tests were still being carried out, samples of all
the "most likely" preparations were packed in the selected containers and al-
lowed to stand on the shelf for six months. Both the contents and the lining of
the container were closely examined at the end of that time for gross evidence of
deterioration and changes in texture or form. Sometimes chemical tests, such
as studies of pH and quantitative analyses of chemical contents, were performed
on the preparation to discover possible changes. The material was also subjected
to microscopic examination and tests of various physical properties, in order to
find possible precipitation or separation, changes in viscosity or other structural
changes. At the end of the six-month aging, the few selected preparations which
had the best record on all previous tests were again tested completely on human
volunteers.
In many instances where speed was imperative, in order to shorten the period
of shelf aging, the packaged product was subjected to storage at 56°C. and also
to many cycles of alternate heating and freezing, instead of six months' shelf
storage. The details of such aging studies are given in the reports by Sulz-
berger (5) and by Lazier (6).
VI. TESTS FOR ACCEPTABILITY TO CONSUMER OR USER
An example of tests for acceptability to the consumer or user will be found in a
report by Sulzberger, Shelton and Emik (7). The reported studies were carried
out under tropical conditions and on Marine Corps personnel on the Island of
Guam for the purpose of evaluating vehicles and containers used for insect re-
pellents. However, the principles of the method used should apply to any study
with similar objectives of ascertaining acceptability of agents for external use.
In the Guam study, a group of Marine Corps officers and men were tested in
regard to their subjective reaction to three insect repellent preparations labeled A. D.
and E. Ninety-nine men were chose for the test and divided into 3 sections with
the division drawn to make nearly homogenous groups of 33 men each. Since
each person was asked to test all 3 repellents, it was considered important to
eliminate the influence of order of use of the three preparations. Otherwise, a
man might be unduly influenced in his choice by psychic effects of the order of
presentation; or there might be a true interaction of the preparations in some se-
quence. The repellents were therefore administered in the following sequences:
Group I—AD E; Group II—D E A; and Group ITT—LA D. Thus each prepar-
ation was employed in all three positions of order. Each preparation was
applied liberally 4 times daily to face, neck, hands and forearms. In addition
to detailed verbal explanations and instructions, each participant received ex-
plicit written directions and mimeographed sheets for recording results.
We believe that with suitable adjustments, the methods described here can be
used not only for evaluating materials intended for topical use, but other agents
with which the skin comes in contact, such as clothes or cosmetics or industrial
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or other chemicals. The material in question need only be applied as such
or incorporated in proper concentration in an ointment base or other suitable
vehicle and the test steps taken as detailed above. The relative irritancies
and relative sensitizing potentials of a very great variety of agents can thus be
studied and compared in a standard manner.
APPENDIX I
NRfl—834J—4 Sup 43—3M. (X.123)
PROTOCOL FOR IRRITANCY TESTS I & II
(PERFORMED SIMULTANEOUSLY)
Exp. No, Vclunteer No. Project —
OINTMENT USED ON LEFT ARM & EAR ; ON RIGHT ARM & EAR
Name Glasses: Present, Absent(strike out on,)
Skin Color: Fair, Medium, Dark. Skin Texture: Weatherbeaten, Normal, Thin.(,t,tke out uo.p,rtluuut oppli,otiou)
55Rcaponse to each application
Application No.
1
Date and Hour Temp.F. Humidity %rel. Left
Arm*]Riaht_Am*jBehindLeftEar*jBehindRlghtEars
.1 I
2
3 1 I 1
:
II 1I__I
7
8
.5
End of Tent
00in 11o
12
__I___________
I
General Comments:
Scoring Code: 0 = no reaction; mildest reaction; + = definite persistent reaction Standard I; ++ = in-
termediate between Standard I and II; Standard II; = above Standard 11.
General Instructions: sleeves down, limited exercise, etc.
** Record the response to each application as seen at the inspection preceding the following application.
Signature of Investigator
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SUMMARY
Standard procedures are described by which medicinal preparations and other
agents used on, or coming in contact with, the skin can be comprehensively tested
for efficacy and for potential harmful effects. The principal steps in these pro-
cedures are as follows:
1. In vitro determination of the ability of the vehicle to deliver the active agent
as required.
2. Rapid preliminary estimation of the degree of irritancy of the vehicle and
active agents on human skin.
3. The actual testing of the different agent-vehicle combinations for their
relative efficacy for the purpose intended. This is done by testing each candi-
date material against a control material employed in identical fashion on a sym-
metrically situated site in each human volunteer (Uniform, Symmetrical, Simul-
taneous Paired Comparison Method).
4. Extensive testing of the complete medication for irritancy and allergenic
qualities on human volunteers.
5. Evaluation of the effect of aging, of temperature, of the container, etc. on
all the above factors.
6. Evaluation of other factors, such as suitable packaging and general ac-
ceptability of the end product to the user.
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